The advances in treatment of HIV and the introduction of polymerase chain reaction assay for the virus now make it acceptable for HIV discordant couples where the male partner is seropositive to attempt to conceive through artificial insemination by husband (AIH) or via in vitro fertilisation. With undetectable viral load and washed sperm, there is minimal risk of transmission of HIV to the female partner, children, other patients, or staff. We describe the development of a programme of AIH for HIV discordant couples and the reasoning behind offering such a programme. T reatment of patients with HIV infection has improved substantially following the introduction of highly active antiretroviral therapy (HAART). Many patients are now well, are no longer at risk of opportunistic disease or imminent death, and appear to have a good prognosis for many years of life. A number of couples are now attempting to have their own children. On the basis that isolating the motile sperm from the semen should reduce the risk of transmitting the virus, several groups have performed artificial insemination by husband (AIH). There are reports of hundreds to thousands of AIH treatments in HIV discordant couples without infection of the woman. However, infection can occur in women conceiving by natural sexual intercourse with HIV positive men. It is now possible to quantify the amount of virus (HIV RNA) in body fluids by polymerase chain reaction (PCR) assays which are currently used for monitoring treatment. A group in Spain reported the use of PCR for assessing washed sperm preparations from HIV infected men. 1 Using samples with negative PCR tests for AIH resulted in no transmission of HIV. While plasma HIV RNA below the limit of detection (,50 copies HIV RNA/ml) is associated with lower risks of disease and lower levels of HIV in semen with lower chances of transmission, reservoirs of HIV may remain in cells in semen and there must be a finite albeit very low risk of transmission from a male with apparently completely suppressed plasma HIV.
PROPOSAL FOR OFFERING AIH TO HIV DISCORDANT COUPLES
To date couples with the man HIV infected and the woman negative have been treated by our group with donor insemination. Because of improved treatment of HIV, many patients intend to have their own children and we now consider it appropriate to assist couples minimise the risk of HIV transmission when using their own gametes.
After detailed discussions with the staff and assessment of conscientious objection to being involved in the procedures, the semen and embryology laboratories have been audited and passed by the infection control team for compliance with standard precautions procedures. A quantitative PCR method has been modified and validated for detection of HIV-1 in seminal plasma.
Our proposal is to offer AIH, in vitro fertilisation (IVF), or intracytoplasmic sperm injection (ICSI) to couples using sperm stored while there was no detectable HIV in the man's serum, seminal plasma, or prepared sperm suspensions. Several semen samples will be collected over several weeks (,3-6 weeks) and stored frozen. During this time the man will keep a health diary to document intercurrent illness or other changes which may be associated with HIV replication. All the blood plasma and semen samples will be tested for HIV by PCR and if all samples are below the detection limit, it is reasonable to assume that the stored semen samples are suitable for use. Also, as sperm preparation involves removal of the seminal plasma and cells other than sperm, this further reduces the risk of infection.
A team approach will be used. An infectious diseases specialist will evaluate and manage the HIV infected patients. Microbiologists will coordinate and supervise the preparation of samples for HIV testing and the other infectious disease screening tests and supervise the assays of HIV viral load. Infertility specialist clinicians and counsellors will perform fertility assessments, counselling about the procedures and risks, and the treatments. Lastly, an obstetrician who is an expert in the management of patients with chronic viral illnesses will care for the pregnant women.
TREATMENT OF HIV INFECTION
Treatment of patients with HIV infection has improved substantially since 1996 with the introduction of combination treatment, so called HAART. HIV infection has a variable course with some patients being seropositive for up to 20 years with no symptoms of the disease and low levels of virus in the blood. The introduction of HAART and PCR assays to monitor the amount of virus in blood (viral load) has had a major impact in patients with progressive disease converting it to a controllable chronic illness in most. 2 However resistance to these drugs commonly develops with eventual progression or relapse. Alternatively drug toxicities limit the durability of benefit. Current antiretroviral therapy will reduce viral load in 70% of patients but in about 20% of these, levels rise again with time. In 30%, the viral load does not fall. At present, approximately half the patients on HAART have undetectable viral loads. It is probable that the levels of HIV can be reduced by modification of therapy in a number of the patients with detectable viral loads. This would allow a period when semen could be collected and stored frozen while there is undetectable HIV viral load in the blood and semen.
RISKS OF SEXUAL TRANSMISSION OF HIV
Much is now known about the factors affecting transmission of HIV. 3 Although sexual activity is the major mode of transmission of the epidemic worldwide, generally the risk of transmission from a infected man to a woman by heterosexual intercourse is low, about 1 in 1000 (95% confidence limits 1 in 2000 to 1 in 400). The average estimated risks of infection from a infected person per event are for: needle stick 1 in 333, untreated mother to baby 1 in 5, mother to baby with perinatal zidovudine treatment 1 in 12.5, and blood transfusion 95 in 100. 3 Many other factors are involved in the susceptibility to infection with HIV ranging from mutations of a chemokine receptor gene reducing susceptibility to infection to coincidental genital tract abrasions or inflammatory lesions which increase the chance of transmission during sexual intercourse. Barrier contraception is effective in controlling the spread of the disease and is strongly promoted and widely accepted by discordant couples. In addition, the stage of the disease is important, patients being more infectious during the primary infection and later stages of AIDS. The blood levels of virus may vary with activation of the immune system by immunisation or intercurrent illness. 3 Antiretroviral therapy also reduces infectiousness through reducing viral load. The virus and infected T4 cells appear to enter semen via the lower genital tract as vasectomy does not alter the viral load in semen. 4 Levels of virus vary in the semen generally in parallel with those in blood, but at a lower level. [5] [6] [7] [8] Several studies have shown that the risk of heterosexual HIV transmission in persons with a low viral load and no active sexually transmissible disease is very low. [9] [10] [11] [12] [13] [14] [15] [16] HIV virus enters T4 lymphocytes and macrophages by binding to CD4 and chemokine receptors on the plasma membrane. Spermatozoa do not have CD4 receptors and are unlikely to be a major source of infection but there are reports of virions being seen by electron microscopy on and in spermatozoa and HIV DNA being detected in sperm and spermatogenic cells. [17] [18] [19] [20] [21] [22] The electron microscopic studies showing HIV in sperm are disputed. 19 23-27 Human oocytes and follicular cells do not have receptors for HIV. Incubation of human oocytes with cell free HIV does not result in infection as can be determined by electron microscopy or PCR. 28 Thus male to female infection during coitus is likely to be via free virus in semen entering dendritic cells in the vaginal epithelium or direct blood contact through breaches in the epithelial surfaces. 3 29 Viral levels in semen are likely to be the critical factor. 9 While plasma HIV RNA below the limit of detection (,50 copies HIV RNA/ml) is usually associated undetectable levels of HIV in semen and low chances of transmission, reservoirs of HIV may persist in cells in semen. 30 Thus there must remain a finite albeit low risk of transmission from a male with apparently completely suppressed plasma HIV.
FERTILITY IN HIV INFECTED INDIVIDUALS
A number of couples are conceiving naturally by having unprotected intercourse or home insemination at the time of ovulation however a number of cases of transmission of HIV have occurred. For example, Mandelbrot et al described 104 pregnancies conceived naturally in 92 women. 31 There were no seroconversions in the first three months of pregnancy but two seroconversions at seven months of pregnancy and two post partum.
Ryder et al followed 178 married discordant couples in Kinshasa over 310 person years with an intensive monthly counselling protocol. 16 Of the 92 male infected/female negative couples the HIV seroconversion frequency in the women was 3.7 per 100 years of follow up and the pregnancy rate was 8.6 per 100 years of follow up. Most of the couples only had unprotected sex during the fertile phase of the cycle to attempt to achieve a pregnancy. In all, six women became infected: only one woman who conceived (4%, 95% confidence interval 0% to 22%).
The Australian Research Centre in Sex, Health and Society performed a survey in August to October 1999 of HIV infected men and women. 32 Although this report is about infected women there is also information about men's attitudes to having children in the future (table 1) . It can be seen that less than 4% of infected men are trying or may try to have children. Thus the requirement for assistance with conception will be infrequent from this group of people.
The national donor insemination service in France (CECOS) reported their experience with donor insemination for discordant couples in which the male was HIV infected. From 258 inquiries from couples since the mid 1980s, 56 had conceived one or more children by donor insemination. Follow up of these revealed that 48 men were stable, one man had AIDS, four had died, and three were lost to follow up. While these were encouraging results, a number of couples did not continue after the first interview. Others were advised not to continue fertility treatment or were refused treatment for lifestyle reasons (11th World Congress on In Vitro Fertilisation and Human Reproductive Genetics 9 to 14th May 1999, Sydney).
The US Centres for Disease Control investigated a case of transmission of HIV by AIH performed some years ago in the USA. Infection was considered to have resulted from carry over of the virus from semen as the procedure involved insemination of a crude centrifuged pellet from the semen. 33 Semprini in Milan has the greatest experience with AIH with sperm from HIV infected men. He used a method of sperm preparation believed to reduce the level of virus and was the first to report pregnancies by AIH. There were no seroconversions in the 29 women or their babies. 34 Then in 1997 he reported 200 pregnancies with no HIV seroconversions from more than 1000 AIH treatments of over 350 women. 35 However, because of the low rate of sexual transmission of HIV per episode the safety of Semprini's approach is not proven. HIV has been spread by donor insemination before screening of donors and quarantining semen was routine. 36 37 There is also concern about the effectiveness of sperm washing in removing infectious virus present in semen. 38 Thus there was not a high acceptance of this approach by reproductive medicine clinicians. However the use of assays to demonstrate undetectable viral load in semen has resulted in many groups reconsidering treatment of HIV discordant couples. 1 39-41 Marina et al reported the use of PCR to check for undetectable HIV in sperm preparations before assisted reproductive technology (ART): either AIH or ICSI, with no seroconversions in women or babies. 1 40 The results were reviewed by Gilling-Smith. 42 43 The Francophone Society held a mini-symposium at the 11th World Congress on In Vitro Fertilisation and Human Reproductive Genetics (9 to 14th May 1999, Sydney) ''Childbearing and management of pregnancies in couples sero-discordant for HIV''. Dr Semprini presented his experience with AIH with washed sperm from HIV infected men (1725 inseminations, 243 (14%) pregnancies, 37 miscarriages, 5 ectopic pregnancies, 18 ongoing pregnancies, and 184 delivered pregnancies). Initially he relied on sperm washing but recently has incorporated tests for viral load. He updated the reports on IVF treatment for HIV discordant couples from Marina et al in Spain. So far 80 treatment cycles have been performed with PCR negative samples with a 27% pregnancy rate (13 pregnancies, 6 ongoing, 7 delivered). Overall, Semprini estimated that by 1999 there had been no transmissions of HIV out of 2300 AIH or IVF cycles using washed sperm from HIV infected men. Generally, it was felt that assisting couples to conceive using their own sperm in the case of a HIV infected man and negative woman was reasonable. As HIV virus may be found in the cell free fraction or the cellular fraction of the semen, washing sperm for AIH or using IVF or ICSI should markedly reduce any potential for transmission, should the virus be present but undetectable. Measuring viral load in blood and seminal plasma should detect possible compartmentalisation of HIV in the semen when no virus is detectable in blood plasma.
In France couples with low (,20 000 copies/ml) as well as undetectable viral loads are now treated, as the risk of transmission is considered to be acceptably low however the treatments of HIV infected couples are performed ''separated by time or space'' from uninfected patients. That is a series of HIV discordant couples are treated at a time when no other patients are treated-that is, separation in time-or separate designated facilities are used for the HIV infected and uninfected patients, separation in space. 44 Gilling-Smith et al indicate that HIV infected patients are being treated in the UK. 43 They point out that it is unreasonable to deny treatment to infected couples when there is free access to ART for patients with other illnesses such as diabetes and congenital heart disease, which might affect both their longevity and their children's health.
There is little experience of treating HIV infected patients in Australian ART centres. A number of couples are now attempting to have their own children. 32 To date those who have approached Reproductive Services of the Royal Women's Hospital for assistance where the man is HIV infected and the woman HIV negative have been treated with donor insemination.
IMPACT OF ASSOCIATED OR INCIDENTAL INFECTIONS
Other infections might be transmitted during treatment that could infect the female partner or the baby such as hepatitis B, C, and G, and cytomegalovirus (CMV). 45 Some of the HIV infected men are also positive for these. Cross contamination of hepatitis B virus between samples of bone marrow during a cryopreservation procedure has been described. 46 47 Nosocomial spread of hepatitis C between patients in an IVF programme has also occurred but probably not through the oocyte collection or embryo transfer procedures. 48 Hepatitis C does not appear to be in semen. 49 Our service follows infection control guidelines (standard precautions) and regularly treats hepatitis B and C infected patients some of whom have been on antiviral therapy. We believe the clinical and laboratory procedures are adequate to minimise the risk of transfer of infectious agents.
IMPACT OF HIV AND TREATMENT ON FERTILITY
Any acute or chronic disease and especially febrile illnesses can impair spermatogenesis. 50 Patients with AIDS have abnormal semen. [51] [52] [53] However HIV infected men who are well appear to have no specific changes in semen analysis. 54 Specific HAART causes a number of side effects and some drugs could have an effect on spermatogenesis but this does not appear to be severe. The antiretroviral and other treatments may also have mutagenic effects. 55 56 TREATMENT PROTOCOL
Clinical procedures
We have developed a treatment protocol to assist discordant couples with the male seropositive but with undetectable HIV by PCR in blood and seminal plasma in order to minimise the risk of transmission to the female partner and child if a pregnancy occurs and also to staff and other patients. A guideline for the counselling and preparation of the couples is shown in box 1. The patients will receive expert care from a team including: reproductive services staff who will perform fertility assessments and the ART treatments, a specialist infertility counsellor who will see all couples about the procedures and risks, an infectious diseases expert will evaluate and manage the HIV infected patients, microbiologists will assist with the preparation of samples for testing and perform the other infection screening tests and supervise the assays of HIV viral load, and an obstetrician used to managing patients with chronic viral illnesses will manage the pregnant patients.
The choice of which treatment (intrauterine AIH, IVF, or ICSI) is used will be left up to the patients. The added reduction in risk with further dilution and washing of the sperm by using IVF must be balanced against the greater medical intervention and cost. While ICSI would be expected to reduce the risk further because only a single sperm is injected into the cytoplasm of the oocyte with a few femtolitres of fluid, the oocyte is probably not susceptible to infection with external virus as they lack receptors. Thus, the risk may be actually increased because injecting virus into the oocyte may cause an infection. In the future other approaches could be considered, such as treating the sperm samples to destroy the virus without damaging the sperm or growing the embryos to later cleavage or blastocyst stages and checking for infection on embryo biopsies before transferring the embryos to the uterus.
Consenting couples with undetectable viral load in blood and two semen samples collected more than seven days apart and between seven and 60 days from the start of semen cryopreservation. Several semen samples will be collected over ,3-6 weeks and stored frozen. Because immune activation can result in changes in viral load levels, patients will be monitored carefully during semen storage and the man will keep a health diary. Finally, another blood sample will be checked for virus within two weeks of the last semen sample. All blood and semen samples will be assayed for viral load by PCR for HIV RNA. An assay has been validated for use with seminal plasma. 57 Also prepared sperm suspension from each semen sample will be assayed for HIV proviral DNA. There are reports that peripheral plasma samples could be undetectable but that seminal plasma may be positive and compartmentalisation has also been described with different genotypes of virus in blood or other tissues and in semen. 30 58-60 Thus assays of semen are necessary.
The possibility of covering female partners with HAART or other antiviral therapy such as is used for post exposure prophylaxis has been considered but discarded because of the potential teratogenic effects of the antiviral agents. The women will be screened for sexually transmitted infections as an active lesion in the genital area increases the risk of being infected. The women will be monitored for appearance of the virus in the blood two weeks after inseminations and for seroconversion at intervals. The woman will be tested for HIV antibodies in blood before treatment, monthly during treatment, and in the first, third, and eighth months of pregnancy. Samples of plasma will be stored for HIV PCR. The families will be followed up at one year intervals for five years and then five year intervals thereafter. Ongoing counselling will be available from reproductive services counsellors and medical staff.
Medical risks of the treatment protocol

Risks to other patients and staff
Risks to other patients and staff are minimal because of the universal employment of standard precautions. To reduce the likelihood of exposure, patients will have undetectable viral loads in the blood and semen before samples are stored and a portion of each sample will be tested before use. Experienced virology staff will prepare the samples for assay of viral load. Only semen and sperm samples known to have undetectable viral load will be handled in the standard andrology and IVF laboratories.
Risks to the woman
The risk of infecting the woman with HIV or other infectious agents should be minimal. The transfer to the uterus of sperm or embryos developing from sperm prepared from semen samples with undetectable viral load should remove most of the risk, but zero risk cannot be guaranteed. Cohabiting HIV discordant couples have a continuing risk of seroconversion of the negative partner. The proposed procedures should substantially reduce the risk over that in couples who attempt to get pregnant by natural intercourse or home insemination.
Risks to the child
Minimising risks of infecting the woman should also make infection of the child very unlikely. There may be some risk of transmission by other means from the partner to the child but this has not occurred from reported donor insemination treatments of such discordant couples. The possibility of the father dying prematurely is a factor but has not prevented us from treating other couples suffering from potentially fatal illnesses or using donor insemination in HIV discordant couples.
LEGAL AND ETHICAL ISSUES
This protocol is designed for harm minimisation. It will reduce the risk of transmitting while assisting the small number of serodiscordant couples requesting treatment to have their own children. Without this service a number of the couples may attempt to conceive by themselves despite the strong advice of the infectious diseases clinicians that the risks are unacceptable. 6 16 31 Discrimination against the couples on the grounds of previous lifestyle is probably illegal and on the grounds of chronic illness or genetic disease, unfair. 61 
Legal aspects
In Victoria, ART is regulated by the Infertility Treatment Act 1995 and the Infertility Treatment Authority (ITA). The use of artificial insemination with living husband's semen is unrestricted by the Infertility Treatment Act 1995. While the Infertility Treatment Act 1995 restricts IVF treatment to infertile people or those likely to transmit a serious genetic disease, discussions with the ITA indicate that s.8 Infertility Treatment Act 1995 can be interpreted that IVF and ICSI could be used legitimately to reduce the risks of transmission of infectious diseases and that the recent more stringent interpretation of the law (relating to the use of ART for treatment of single and lesbian women) which requires that the women must be ''medically infertile'' in the opinion of their doctor, does not apply to these HIV discordant couples. Most patients will try AIH initially and few will choose IVF or ICSI to further minimise the risk of transmission. Thus we may only use IVF or ICSI if AIH failed or if either the female or male partner is infertile.
A law also applies to the use of donor semen requiring a statement about exposure to chronic viral illnesses, a quarantine period, and negative screening tests for HIV and hepatitis C tests. This does not apply to semen from a woman's partner.
Staff education and conscientious objection
Two groups at the Royal Women's Hospital have been involved in the development of this proposal since 1998: the HIV Issues Coordination Group and a working group on ART for discordant couples. There have been many meetings and the topic has been presented at several reproductive service clinical meetings. No one has expressed an objection to being involved in the treatment of these patients.
The semen and embryology laboratories are audited for the standard precautions procedures regularly by the hospital's infection control team and also have current National Association of Testing Authorities (NATA) and Reproductive Technology Accreditation Committee (RTAC) accreditation.
Ethics committee, regulatory bodies, and legal opinions Referral of a proposed consent from to the hospital's lawyers raised concern about liability. The project was then discussed at the hospital executive committee and a further delay was recommended so that there could be wider consultation and referral to a clinical ethics committee to be set up. The project was therefore discussed at a postgraduate clinical education session in the section ''Access to Reproductive Medicine'' in September 2000. The general attitude appeared to be that while risk could not be completely removed the patients' informed consent should suffice. No one expressed the opinion that this project should not proceed. The project was also discussed with the Licensing Committee of the ITA in December 2000. They were in favour and indicated that IVF and ICSI could be used to minimise the risk of transmission of a disease. It was then considered by a newly established clinical ethics committee, Clinical Ethics Advisory Group in February 2002, who unanimously felt that the proposal was ethically sound but suggested some modification of the consent form. Finally the hospital's lawyers reconsidered the consent form (box 2) and indemnity issues and recommended the hospital's insurers should be shown the matter for express approval. The insurers were happy to cover the hospital and its staff, and executives of the hospital authorised commencement of the service after notifying the Board. The use of the HIV PCR assay is specifically regulated by the Therapeutic Goods Administration (TGA). Initial advice was that the assay could not be used to monitor viral load in seminal plasma without formal approval requiring a supplier sponsored application which was impossible as the cost would have been outside any possible hope of recovery because of the limited application of the test. After further negotiation the TGA agreed the assay could be used for an unapproved purpose as a further risk reduction strategy. The legal advisors of the Burnet Centre recommended that it not be involved in the use of the assay to avoid any possibility of litigation. Therefore it was necessary to employ a scientist at the Royal Women's Hospital and perform the assays in the molecular microbiology laboratory. N We acknowledge that the male partner has HIV that may be transmitted to his partner or child in various ways including medical techniques used to assist conception.
N We understand that testing for HIV virus in blood and semen and washing the sperm may reduce the risk of transmission of HIV. We acknowledge that some risk of transmission of the HIV virus still remains.
N Using these techniques should reduce the risk of HIV infection of the woman to less than 1 in 2000 per treatment. If the female partner became infected there would be about a 1 in 3 chance of a baby being infected during the pregnancy, childbirth, or lactation. With antiviral therapy, caesarean section, and avoidance of breast feeding the risk of the child of an infected mother becoming infected is reduced to less than 1 in 50.
N We understand that other viruses may be transmitted, including CMV and hepatitis viruses. We understand that blood tests to screen for CMV and hepatitis B and C will be taken and the implications of the results will be discussed with us.
N We understand that there may be additional risks associated with the medication for the chronic viral illness.
N We agree to hold the Women's and Children's Health, it's advisers and their agents without fault or liability if transmission of the illness occurs whether or not the transmission resulted from the procedures used to assist conception.
